Infection prevention and control strategies aimed at reducing the occurrence of CarbapenemaseProducing Enterobacteriaceae (CPE) and other antimicrobial-resistant organisms often include advice about screening patients coming from hospitals with a known resistance problem, to prevent introductions into new hospitals by shared patients. We argue that, despite being an efficient method of identifying cases, admission screening for introduction prevention is only effective if the absolute number of imported cases from other hospitals outnumbers the cases coming from the hospital's own patient population, and therefore is only a feasible control strategy during the start of an epidemic. When determining whether import screening is still advisable, we therefore need to be continuously reminded of how Father Ted so eloquently summarised the principles of perspective: "These are small, but the ones out there are far away".
Preventing introductions between hospitals
The CPE acute Trust toolkit developed by Public Health England in 2013 [6] reiterates the importance of shared patients in the epidemiology of CPE, as it advises (among other things) hospitals to screen patients with a recent history of admission to a hospital with a 'known CPE problem'. In this way, it aims to prevent CPE introductions from the 'problem' hospital to others. Although the toolkit is designed for individual hospitals i.e. it does not directly promote a coordinated approach between hospitals, it does acknowledge the risk of introductions from other hospitals. By correctly defining which hospitals pose the greatest risks, this should theoretically help to prevent spread from one hospital to the others.
However, the strong regional tendency in shared patients means that some hospitals will need to screen many more patients than others, based on the fact that they share many more patients with a 'problem' hospital. This can cause considerable strain on a hospital's resources, as the toolkit advises hospitals to isolate suspected patients until three consecutive rectal swabs (taken 48 hours apart) have tested negative for CPE, meaning that each recently admitted patient previously discharged from the 'problem' hospital will need to be isolated for at least four days. This makes strict implementation of the toolkit harder, if not impossible, for some hospitals.
The differences in numbers of patients received from other hospitals (i.e. admitted having previously been discharged from elsewhere) also means that the risk posed by an outbreak in one hospital, expressed as the absolute number of expected introductions, differs greatly. A large problem in a hospital far away in the hospital network can therefore pose a smaller absolute risk of introduction than a small problem in a hospital closer to home [7] . Hence this follows Father Ted's lesson to Dougal on the principles of perspective, using plastic cows: "These are small, but the ones out there are far away" [8] : as long as the large subjects are far enough away, their importance remains small to the observer. Thus, the focus on hospitals far away with known CPE problems may actually undermine control efforts, because the small problems closer to home get overlooked.
Furthermore, strategies aimed at preventing introductions from one population to the other only delay the epidemic spread [9] , because it is impossible to identify all arriving cases. Eventually, CPE will pass through the barriers imposed by import screening, and start spreading through the new population, unless control measures are in place to prevent the endogenous spread. After successful introduction, sustained transmission within the hospital's own patient population may quickly create a much larger problem than introductions from elsewhere.
The importation tipping point
Within the United Kingdom, and England specifically, there has been a sharp rise in the number of confirmed CPE isolates over the last decade [7] . This increase is in part driven by an outbreak in the North-West of England, the greater-Manchester area, of primarily KPC-positive CPE. Hospitals in this region are therefore flagged as 'problem' hospitals, and other hospitals are advised to screen patients who have been admitted previously to hospitals in the Manchester region. However, over the last 5 years, an increasing number of isolates have been submitted to PHE's national reference laboratory from hospitals outside the Manchester region ( Figure 1 ). These isolates are not carrying exclusively KPC genes, but also harbour different carbapenemases (primarily OXA-48, NDM, and VIM). They are therefore unlikely to have been imported from hospitals in the Manchester region and signify unrelated spread and transmission.
The increase in CPE incidence in all hospitals poses a potential problem for the control strategies described in the CPE toolkit, because the absolute number of cases from a hospital's own local or regional population may start to outnumber the absolute number of imported cases from a 'problem' hospital, even if prevalence is much higher in the 'problem' hospital, and in the cases that have previously been admitted to it. This will reduce the effectiveness of import screening, as this strategy is purely aimed at preventing introductions. Although screening incoming patients from a problem hospital may still be the most efficient way of identifying colonised patients (from the point of view of case yield per screening effort), these cases contribute only a minority of the transmission pressure in the new hospital from this point onwards. The moment that imported cases from other hospitals become outnumbered by cases readmitted from the same/regional hospitals can be seen as a tipping point, after which hospitals need to find more effective control strategies than import screening.
To correctly assess the largest CPE risks to their hospital and their patients, hospitals thus need to be aware of the current CPE prevalence in both their own and other hospitals' patient populations, as the correct type of control efforts against CPE crucially depends on the relative difference between these prevalences, together with the flows of patients over the hospital network. Import screening is only effective if the importation tipping point has not been reached, while control efforts aimed at reducing within-hospital transmission, such as case-finding or contact tracing, may only be effective if relatively few cases are being imported.
When is the tipping point reached?
Hospitals can determine whether the importation tipping point has been reached using information about the number of patients received from other hospitals, the number of patients readmitted from their own hospital, the CPE prevalence among patients coming from other hospitals, and the CPE prevalence among their own readmitted patients. The CPE prevalences can be obtained by each hospital individually, by performing point-prevalence surveys among patients who had a recent previous hospital admission (including to the same hospital), while splitting the results by hospital of previous discharge. Information about the number of shared patients with other hospitals could, technically, be gathered by individual hospitals, but is often also available in centralised databases, such as the NHS Hospital-Episode Statistics (HES).
Using data presented in a previous study [7] , we calculated the percentage of patients coming from other hospitals for all acute care hospital trusts in England (presented in table S1). Together with prevalence estimates from point-prevalence surveys, these can be used to calculate the percentage of expected imported cases coming from other hospitals (vs one's own hospital) to determine if the tipping point (of when your own hospital population poses a greater risk than other 'problem' hospitals) has been reached. To do this, the expected number of introductions from other hospitals (calculated as the prevalence multiplied by the number of received patients) needs to be divided by the total number of expected introductions. To offer a visual aid for this process, we created a nomogram that can be used to calculate the same percentage (Figure 2 ).
Using the Oxford University Hospitals Trust (OUH) as an example, we see that 89.1% of all readmitted patients have previously been admitted to the OUH itself (Table S1 ), while 6.5% came from other hospitals in the region, and 4.4% came from outside the region (with 0.1% of all readmitted patients coming from the Manchester region). Hypothetically, if the prevalence within the OUH's patient population is 0.2% and the prevalence within patients discharged from any hospital in the Manchester region is 10%, just 4.8% of imported cases into the OUH would originate from the Manchester region. Even if all patients discharged from the hospitals in the Manchester region were CPE-positive (100% prevalence), they would not contribute more introductions to the OUH than patients coming from the OUH itself.
This example illustrates how the importation tipping point is reached when the prevalence within the focal hospital is relatively low. The number of shared patients from other hospitals, in particular from those hospitals further away, is diluted by the patients readmitted from the hospital itself. In general, the number of patients received from all other hospitals in the region is about 10-15% of all readmitted patients, while the total number of patients received from all hospitals outside the region is 1-3% of all readmitted patients. The tipping point is therefore often already reached when the within-hospital prevalence is two orders of magnitude lower than the prevalence in all hospitals outside the region. Similarly, the within-hospital prevalence can be 5-10 fold lower than the prevalence in all hospitals within the region to reach it.
Discussion
Import screening to prevent introductions of CPE into hospitals is only effective at the start of an epidemic, when the number of imported cases still clearly outweigh the number of cases from the hospital itself. With the increase of CPE throughout England, it becomes more likely that import screening will no longer be a viable strategy for the majority of hospitals in the near future (if not already). In these cases, hospitals need to address the transmission of CPE within their own wards to reduce CPE prevalence, and adjust the definition of high-risk patients such that a higher proportion of the cases from its own population are identified whilst not overburdening control efforts by screening too many patients.
There is thus an immediate need to understand the transmission dynamics of CPE within hospitals to enable the design and implementation of successful control strategies. Because outbreaks of CPE are not strictly clonal due to horizontal gene transfer, it is hard to reconstruct transmission chains through genetic relatedness, impeding our understanding of their epidemiology. Furthermore, environmental contamination may well play a role in the transmission of CPE in hospital wards [10] , which might create long-term environmental reservoirs, resulting in indirect transmission events between patients who did not share time on a ward, complicating contact tracing.
Although preventing further introductions of CPE is not effective for CPE endemic hospitals, the effects of patient sharing between hospitals still need to be taken into account in the design of control efforts. In particular, information sharing about a patient's CPE colonisation status, either through centralised systems or patient-held information [11] , could prove essential for a timely response when these known colonised patients are admitted to another hospital. Actively tracking the admissions of CPE positive patients may reduce the need to test all patients coming from other hospitals, thus reducing unnecessary screening and isolation, and freeing up resources.
By recognising that the effectiveness of intervention strategies depends on the phase of the epidemic, we can move towards CPE control efforts that are appropriate for the current situation. Moving away from strategies based on preventing introductions from 'problem' hospitals when these are no longer the most effective approach can help focus much needed resources at interventions that are expected to be more effective. To enable hospitals to determine their best strategy, the CPE situation both inside and outside each hospital needs to be monitored continuously. This information will, together with knowledge about the structure of the healthcare network, help hospitals switch control strategies at the right moment. Figure 1) The geographical distribution of CPE in England in 2012 and 2017, based on the number of isolates confirmed by the PHE reference laboratory, as described in Donker et al [7] . Figure 2 ) Nomogram for calculating the expected percentage of imported CPE (or any other AMR colonising pathogen) cases coming from another hospital, given the prevalence within the focal hospital, prevalence in the other hospital(s), and the percentage of readmitted patients previously admitted to the other hospital. After plotting both prevalence percentages, follow the dotted diagonal lines until the intersection with the curve for the correct percentage of readmissions that occur in patients previously discharged from the other hospital(s) (black lines); this point gives the percentage of imported cases from the other hospital on the right y-axis. Example shows a 'self' prevalence of 0.2%, an 'other' prevalence of 10%, with 0.1% of patient readmissions coming from the other hospital(s). Table S1 ) The percentage of patients coming from other hospitals for all acute care hospital trusts in England Figure S2 ) Nomogram for calculating the expected percentage of imported CPE (or any other AMR colonising pathogen) cases coming from another hospital. As presented in figure 2 , without example data.
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